To determine diabetes incidence over time among obese young adults without metabolic risk factors.
abnormalities. Therefore, using the phrase "metabolically healthy" to label individuals who have one or more of the metabolic syndrome risk factors may contribute to confusion in the literature.
All of the men in the Israel Defense Forces (IDF) aged $25 years have been metabolically characterized and followed in a large ongoing study of the Metabolic, Lifestyle and Nutrition Assessment in Young Adults (MELANY) cohort. Data from this study were analyzed to compare the risk of diabetes among overweight and obese individuals with none of the metabolic syndrome risk factors with similar individuals with varying numbers of risk factors.
RESEARCH DESIGN AND METHODS

Study Population
The MELANY cohort is an ongoing investigation of the IDF Medical Corps (8, 9) . Army personnel that remain in military service beyond their mandatory service period (2 to 3 years) and are older than 25 years of age are referred every ;5 years for a routine health examination and screening tests at the Staff Periodic Examination Center. At each visit, subjects complete a detailed questionnaire reviewing demographic, lifestyle, and medical factors. Following a 14-h fast, blood samples are drawn and analyzed immediately. Weight and height are measured, and a complete physical examination is performed by a physician. All medical information is recorded in the same central database, thereby allowing ongoing, uniform follow-up as described previously (10) . All participants in MELANY, independent of their rank and position, have similar access to medical services, which are provided free of charge.
Included in this study were men with measured body height and weight who attended the Staff Periodic Examination Center at least once between 1 January 1995 and 8 March 2011. Data on participants who developed type 1 or 2 diabetes prior to their first visit and those with a follow-up of ,1 year from enrollment to the diagnosis of diabetes were excluded from the analysis. The Institutional Review Board of the IDF Medical Corps approved this study with assurance of strict maintenance of participants' anonymity during data analyses. Our data set included 5,112 women, 40 of whom developed diabetes (0.78%). This small incidence rate precluded meaningful statistical analyses; thus, the current analysis was limited to male participants.
Definitions of Study Groups
BMI was used to define obesity ($30 kg/m 2 ), overweight (30 . BMI $ 25 kg/m 2 ), and NW (,25 kg/m 2 ). Each weight group was further divided according to the number of metabolic abnormalities present at enrollment. These were defined according to the criteria of the Adult Treatment Panel-III (ATP-III) (11) as triglyceride level $150 mg/dL (1.7 mmol/L) or use of lipidlowering drugs, glucose $100 mg/dL ($5.6 mmol/L), systolic blood pressure $130 mmHg or diastolic blood pressure $85 mmHg or use of antihypertensive drugs, and HDL-cholesterol ,40 mg/dL. MH was defined as the absence of any metabolic abnormalities of the ATP-III criteria, while metabolically abnormal (MA) included at least one abnormality from the above criteria.
Follow-up and Outcomes
Follow-up began at participants' first visit to the Staff Periodic Examination Center and ended at the time of diabetes diagnosis, death, retirement from military service, or 8 March 2011, whichever came first. Screening for diabetes was performed at each visit based on fasting plasma glucose (FPG) levels. Incident cases of diabetes were based on a physician diagnosis of diabetes in accordance with the American Diabetes Association criteria by documenting either two FPG levels $126 mg/dL or a glucose level $200 mg/dL 2 h after ingestion of 75 g of glucose.
Laboratory Methods
All laboratory studies were performed on fresh samples in an ISO-9002 qualityassured, core facility laboratory. Glucose levels were determined at an on-site laboratory with the use of fresh blood samples collected in test tubes containing sodium fluoride to inhibit in vitro glycolysis. Lipids were measured directly, with the exception of LDL-cholesterol, which was calculated. Biochemical markers were measured with an automated analyzer (BM/Hitachi 917; Boehringer Mannheim).
Statistical Analysis
We first calculated the hazard ratios (HRs) and 95% CIs of BMI at enrollment on diabetes risk using Cox proportional hazards analysis adjusted for age, family history of diabetes, region of origin, physical activity, FPG, triglyceride level, and white blood cell (WBC) count. Next, the cohort was divided into 12 groups based on BMI status (NW, overweight, or obese) and the number of cumulative metabolic abnormalities: MH (absence of any ATP-III criteria), MA-1 (one ATP-III criterion), MA-2 (two ATP-III criteria), and MA-3 (three or four ATP-III criteria). Cox proportional hazards models were used to estimate the HR and 95% CI for developing diabetes across the 12 categories. MH participants with NW served as the reference group, unless stated otherwise. Continuous variables were summarized using means and SD or medians with intraquartile ranges. Counts with percentages were used for categorical variables. Multivariable models were adjusted for age, family history of diabetes, region of origin, physical activity, and WBC count (12) , with additional adjustment for the metabolic risk factors (FPG, triglyceride level, HDL-cholesterol, and systolic blood pressure) where appropriate. Additional analysis was conducted using repeated assessments of BMI during the followup period as time-dependent variables in a Cox regression model. We controlled for the additional metabolic parameters only at baseline, since these variables might be part of the causal chain. Log minus log plots for each variable were inspected to verify the assumption of proportionality of the hazards. Subjects with missing data (;5.0%) were excluded from multivariable analysis. Analyses were performed with IBM SPSS statistical software, version 21.0. Tables 1-3 present the baseline characteristics of the cohort across BMI and metabolic abnormalities categories (Table 1, NW; Table 2, overweight; and  Table 3 , obese participants). MH-obese constituted 14.7% of the obese group (1.9% of the entire cohort) and were characterized by younger age, mildly higher degree of physical activity, and lower current and past rates of smoking compared with obese subjects with metabolic abnormalities (Table 3) .
RESULTS
There were 734 new cases of diabetes during 210,282 person-years of followup. In a multivariable analysis adjusted for age, family history of diabetes, region of origin, physical activity, FPG, triglyceride level, and WBC count, each one-unit increase in BMI was associated with a 10.6% increase in diabetes risk (95% CI 1.08-1.12; P , 0.001) across the entire BMI range. The incident rate of diabetes among MH participants was lower in those of NW compared with obese participants (1.15 vs. 4.34 cases per 1,000 person-years; P , 0.001). With increasing number of risk factors, diabetes incidence increased substantially less among NW participants than among obese participants, reaching an incidence rate of 3.17 and 19.17 cases per 1,000 person-years when at least three metabolic abnormalities were recorded among NW and obese young men, respectively (Fig. 1A) . Fig. 1C -E depicts the cumulative incidence of diabetes over time in a multivariable model adjusted for age, region of origin, family history of diabetes, physical activity, and WBC count, with the corresponding HR values (6 95% CI) (Fig. 1B and Supplementary Table 1 ). It is evident that among MH individuals, those who were overweight (HR 1.60 [1.11-2.31]; P = 0.012) and obese (HR 2.74 [1.53-4.89]; P , 0.001) were at increased risk for diabetes compared with NW individuals. Addition of one metabolic abnormality (MA-1) increased the risk for incident diabetes by 67% (95% CI 1.18-2.36; P = 0.003) and 51% (95% CI 0.91-2.88; P = 0.102) among NW and obese participants, respectively. The increased diabetes risk of obese in either metabolic status persisted when BMI was treated as a time-dependent variable (Supplementary Table 2 ).
To better differentiate between the effect of obesity and its associated metabolic abnormalities on diabetes risk, we conducted an additional multivariate model adjusted for the metabolic risk factors entered as continuous variables. Fig. 2 demonstrates the cumulative diabetes incidence adjusted for age, region of origin, family history of diabetes, physical activity, WBC count, FPG, triglyceride level, HDL level, and systolic blood pressure among MH and MA-3 participants ( Fig. 2A and B, respectively) . Diabetes risk increased by more than threefold in the obese group compared with NW, within both clusters of metabolic abnormalities. A test of interaction between BMI and number of risk factors at enrollment was not significant (P of interaction = 0.78).
CONCLUSIONS
This analysis of 33,939 young men with 210,282 person-years of follow-up demonstrates that among young men, an abnormal BMI is associated with increased risk for diabetes, independent of the cluster of metabolic abnormalities (Fig. 1) . In fact, compared with MH-NW young adults, those who were overweight or obese, with no ATP-III metabolic abnormalities had nearly two-and fourfold higher risks for incident diabetes, respectively. A subpopulation of apparently healthy or benign obese was thought to deviate from the natural course of obesity-related cardiovascular and metabolic risk (13, 14) . Indeed, both cross-sectional and prospective data have suggested that these individuals may be protected from diabetes. For example, comparable levels of fasting glucose (7, 15, 16) and diabetes prevalence (7, 17) were reported in obese and NW individuals without metabolic risk factors for diabetes. Moreover, both the Framingham study (3) and an Australian cohort study (1) reported that MH-obese and NW individuals had similar diabetes incidence during up to 11 years of follow-up. In contrast, other studies reported up to 13-fold increase in diabetes risk among MH-obese (allowed to include up to one metabolic abnormality from ATP-III criteria) as compared with MH-NW individuals (4, 5) .
The definition of MH across studies is inconsistent and confusing, as its permits the inclusion of individuals with one (1,4) or even two metabolic abnormalities (3,5,7). Our stratification of diabetes risk factors argues against using such definitions of metabolic "healthiness," given an increase of 35-67% in diabetes risk observed in MA-1 compared with MH ( Fig. 1 and Supplementary Table 1 ). Another potential explanation for the apparently conflicting reports in the literature may arise from lack of careful adjustment to the various risk factors (such as fasting glucose, HDL-cholesterol, triglycerides, and blood pressure) as continuous variables within risk factor groups. This is especially important in young adults, in whom diabetes risk attributed to increased levels of FPG, triglycerides, or WBCs could be demonstrated already within what is currently considered to be the normal range for these parameters (9, 12, 18) . The definition of MH used in our study, along with an additional adjustment for other known risk factors (Fig. 2) , allow us to adequately assess the independent role of increased BMI in mediating diabetes risk among young adults. Of note, we also stratified our analysis to WBC count, a marker of systemic inflammation that was recently shown to serve as an independent risk factor for diabetes in this population (12, 19) . Our results are in line with the notion that inflammatory burden, as reflected by WBC count, may not be a required mediator for diabetes onset among obese young adults (20). The independent role of obesity in mediating diabetes incidence even among individuals with normoglycemia, no evidence of dyslipidemia, and with normal blood pressure is intriguing. While obesity seems to mediate the incidence of diabetes, independent of the above-mentioned classic risk factors, it may still be mediated by significant insulin resistance and/or b-cell dysfunction that have not yet resulted in dysglycemia or dyslipidemia. In addition, it has also been demonstrated that diabetes risk associated with a positive family history of the disease may be mediated, at least in part, by obesity (21, 22) . Given the relatively young age of our cohort, it is likely that first degree relatives of participants reporting a negative family history for diabetes might still develop diabetes in the future. For these participants, overweight and obesity may carry an additional risk that is otherwise associated with a positive family history of diabetes.
The age of study participants may be another source of ambiguity when assessing diabetes risk among MH obese. The participants in our study were mostly in their late 20s or early 30s, as compared with other studies that included mostly participants in their 5th or 6th decades of life (1, 3, 4, 6) . It is therefore possible that MH obesity in middle-aged men confers a lower diabetes risk as a result of survival bias, as this group consists of men who were likely overweight or obese for many years and nevertheless have not developed diabetes or other metabolic abnormalities. Metabolically healthy obesity in young adults, in contrast, may consist of a more heterogeneous population that includes both obese subjects who are likely to develop various metabolic abnormalities in the near future as well as those who will maintain their metabolic health for several decades. In support of this concept, a recent study from the Young Finns cohort describing 34 cases of type 2 diabetes among young adults demonstrated that overweight at youth is a risk factor for diabetes, even in the absence of any metabolic abnormalities (23) .
This study has several limitations. First, the MELANY cohort may be considered representative of a unique group of healthy young men. Nevertheless, the characteristics of the population are strikingly similar to other cohorts that included young men from various developed countries (24) (25) (26) . The relatively homogeneous environment to which participants in our study were exposed might reduce the effect of unknown confounders. In addition, our analysis pertains to people from a wide range of backgrounds and origins, reflecting that the development of diabetes is not origin specific. Second, although they did not compromise the outcome definition, measurements of waist circumference or specific fat compartments (27, 28) , circulating insulin and Cpeptide, were not obtained in this study, limiting our ability to more directly assess adiposity and insulin resistance. Finally, the analysis was conducted only in men, thereby limiting the generalization of the results to women. The strengths of the study include the standardized and direct (rather than reported) measurements of height and weight (29), its large size and follow-up duration, which provided us with sufficient power to assess diabetes incident rates in this relatively young population.
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